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reviewing the applicability of findings [14] . The series concludes with a research agenda, 92 emphasizing methodological areas needing further development and testing [15] . 93
Logic models 94
Logic models have been defined in various ways [16] and can be described, inter alia, as conceptual 95 frameworks, concept maps or influence diagrams. Anderson et al (2011) argue that logic models 96 "describe theory of change", "promote systems thinking" and contribute both in a conceptual and 97 analytical way [17] . This resonates with our understanding of the use of logic models in systematic 98 reviews and health technology assessments (HTA). For the purpose of this paper, we refer to a logic 99 model as "… a graphic description of a system … designed to identify important elements and 100 relationships within that system" [17, 18] . Logic models can help conceptualize complexity [19] by (i) 101 depicting intervention components and the relationships between them, (ii) making underlying 102 theories of change and assumptions about causal pathways between the intervention and multiple 103 outcomes explicit [17] , and (iii) displaying interactions between the intervention and the system 104 within which it is implemented. Such a graphic representation is particularly helpful as a mechanism 105 for making transparent assumptions among researchers and other stakeholders, and making results 106 more accessible to a potentially broad range of decision-makers, including clinicians, public health 107 practitioners and policy-makers. In essence, logic models provide a framework to support the entire 108 systematic review or HTA process and help to interpret the results, as well as to identify areas where 109 further evidence is needed. 110
Two main approaches to logic modeling can be distinguished: a priori and iterative logic modeling. 111
With an a priori approach, the logic model is developed at the protocol stage to refine the research 112 question, identify sources of heterogeneity and subgroups, design the data extraction form and plan 113 data synthesis. This type of logic model is finalized prior to data collection and remains unchanged 114 throughout the systematic review or HTA process [17, 20] . In an iterative approach, the logic model 115 is conceived as a mechanism to incorporate the results of the systematic review or HTA and is 116 subject to repeated changes during the process of data collection [21] . While both approaches have 117 their advantages and drawbacks (Booth et al, manuscript in preparation), this paper focuses mainly 118 on a priori logic modeling. 119
Examples of logic models in systematic reviews and HTAs of public health and healthcare 120 interventions exist, but specific guidance on how to develop an appropriate logic model is lacking. 
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As part of the EU-funded INTEGRATE-HTA project (www.integrate-hta.eu) we designed two distinct 124 logic model templates, and applied these across several Cochrane and non-Cochrane systematic 125 reviews and one HTA addressing different types of complex interventions. This paper describes how 126 these templates were developed and examines their applicability and usefulness in making sense of 127 complexity. We have included three completed logic models on questions of particular relevance to 128 SSA, i.e. interventions to reduce ambient air pollution, community-level interventions for improving 129 access to food in LMICs and e-learning interventions to increase evidence-based healthcare 130 competencies in healthcare professionals. 131
Methods 132
Development of logic model templates 133
We conducted systematic searches in the Cochrane Library, the Campbell Library and Medline via 134
PubMed (date of last search 10 December 2013) to identify systematic reviews and HTAs that used 135 logic models. After removal of duplicates and exclusion of irrelevant studies, we identified 18 136 published systematic reviews that included a logic model and one HTA that referred to the different 137 phases of a logic model, but did not include a diagram. Thirteen [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] of the reviews identified, 138 used logic models at the beginning of the review process (a priori) to describe different aspects in 139 the population, interventions, outcomes and context or pathways linking the intervention to final 140 outcomes. Four of the reviews developed logic models to summarize and synthesize the results of 141 the systematic review [35] [36] [37] [38] . One review mapped the results of the review to an a priori logic 142 model [39] . 143 We then examined aims and various elements of the logic models identified and, using a snowball 144 technique, reviewed existing guidance for developing logic models in primary research. We 145 particularly looked at the guidance of the Kellogg Foundation 
Results 171
Distinct logic model templates 172
A system-based logic model shown in Figure 1 (also described as a conceptual framework by some 173 authors) depicts the system in which the interaction between the participants, the intervention and 174 the context takes place. This perspective is mostly static: while it recognizes that interactions 175 between different elements of the model take place, these are not investigated in detail. The PICO 176 elements form the core elements of the logic model, supplemented with context and 177 implementation elements. An example of a completed system-based logic model is presented in 178 Figure 2 . 179 A process-orientated logic model graphically displays the processes and causal pathways that lead 180 from the intervention to its outcomes. Unlike the system-based logic model, it recognizes a temporal 181 sequence of events and aims to explain how an intervention exerts its effect. It can also be described 182 as an analytical framework or theory of change. The process-orientated logic model template is 183 shown in Figure 3 . As the causal pathways will differ between interventions, often combining several 184 linear and non-linear pathways, the template suggests four general pathways. A step-by-step guide to the application of the templates is described in Box 2. 228
Box 2:
Step-by-step guide to the application of templates for a priori logic modeling [21] 229
1. Clearly define the PICO(C) elements of the systematic review/HTA and unpack the question by describing key characteristics of participants, intervention components, intervention delivery and the comparison (if applicable) and agree on the relevant outcomes. 2. Decide within the author team whether a system-based or a process-orientated logic model is to be developed. If the main aim of the logic model is to conceptualize the question, the systembased logic model will be appropriate, but if it is more important to explain the pathways from the intervention to the outcomes a process-orientated logic model should be chosen, ideally in addition to the system-based logic model. 3. Populate the logic model template with information obtained through literature searches, discussions within the author team and consultations with content experts. Ensure that the logic model reflects all the factors that can potentially cause heterogeneity between studies. 4. Ask important stakeholders, e.g. members of a stakeholder advisory panel or review advisory group, for input and refine the logic model accordingly. 5. Repeat steps 3 and 4 until all members of the author team agree that the logic model accurately represents the framework for the specific systematic review or HTA. 6. Publish the final logic model with the protocol. This logic model remains unchanged during the systematic review or HTA process.
230
The two logic model templates have proven to be useful tools in a variety of applications. They 231 helped to conceptualize the interventions, clarify the research questions and consider contextual 232 factors. They also guided protocol development by informing the search strategy, inclusion and 233 exclusion criteria, possible sources of heterogeneity, data analysis plans as well as subgroup and 234 sensitivity analyses. All of the reviews and the HTA are currently ongoing, so the full value of the 235 logic models in the later stages of the reviews is yet to be realized. We anticipate that the logic 236 M A N U S C R I P T
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model will provide a framework within which the results can be anchored and assist in the 237 interpretation thereof. 238
Limitations of our methods 239
We limited our search for existing logic models to systematic reviews indexed in PubMed, or 240 published in the Cochrane or Campbell Libraries. We acknowledge that our search was not 241 exhaustive as other databases could have provided additional information. 242
Additionally, we did not formally test the templates with potential users but instead have based our 243 description on our own experience in using them and the unstructured reports from other author 244 teams. Formal user-testing could provide insight into users' perceptions on the usefulness, usability, 245 value, desirability, credibility and accessibility of the logic model templates [59] . 246
Furthermore, we have only applied the templates to questions related to the effects of 247 interventions. Even though our intention is not to limit their use to intervention questions, 248 application of the templates to other types of questions (e.g. questions on risk factors, prevalence, 249 diagnostic tests) is needed to further explore their benefits. 250
Limitations of logic models 251
By adopting a systems perspective, our proposed use of logic models overcomes many of the 252 commonly cited problems with logic models (e. 1 The intervention(s) can be divided into theory, design and delivery elements. 2 Here the term "theory" is used in a broad way to describe a body of implicit or explicit ideas about how an intervention works [50, 51] and includes the overall aims of the intervention. 3 Intervention design describes the "What?" of the intervention. The execution of the intervention comprises a more detailed "prescription" of the intervention -timing (when), duration (how long), dose (how much) and intensity (how often). 4 Intervention delivery describes the "How?", "Who?" and "Where?" of the intervention. Individuals (delivery agents) form the basis of every organisation and organisational change [52] , and knowledge, skills, motivation and beliefs are critical for successful delivery. 5 Outcomes may be categorised as short-, intermediate-and long-term. In addition to depicting desired or positive outcomes, it is important to note potential undesired or negative outcomes. 6 Intermediate outcomes: Process outcomes can be quantitative or qualitative in nature and may include participation, implementation fidelity [53], reach, barriers experienced, contamination of the comparison group by study or non-study interventions, and experiences of participants and intervention providers [54, 55] . Behaviour outcomes include participant behaviours required for the intervention to have an effect, such as adherence or compliance, but can also refer to other behavioural outcomes occurring intentionally or unintentionally. Surrogate outcomes are used as proxies for "hard" clinical outcomes and refer to direct, measurable, often short-term effects of an intervention [56, 57] . 7 Health outcomes comprise clinical outcomes, such as morbidity and mortality, as well as broader outcomes, such as wellbeing, life expectancy and quality of life. 8 Non-health outcomes refer to all other relevant societal impacts of an intervention. 9, 10 The explicit depiction of context and implementation acknowledges the importance of a broad range of factors for the effectiveness of complex interventions. The context and implementation for complex interventions (CICI) framework [58] provides an overarching approach for considering these two distinct but interacting dimensions. Option B Option C Option D
